Respiratory pathogens are the main health problem in the swine industry worldwide. These pathogens are transmitted by direct contact between animals or by aerosols and however are not well known yet, if the environment works as its reservoir, inoculum and/or dispersion medium. The objective of this study was to determine the presence of respiratory pathogens in environmental samples from swine farms in Aguascalientes, Mexico, through of PCR and RT-PCR techniques. The bacteria Actinobacillus pleuropneumoniae and Pasteurella multocida were found viable in samples from water, food, soil and air. Streptococcus suis was found in a viable state in water samples. Haemophilus parasuis, Porcine Reproductive and Respiratory Syndrome virus and Swine Influenza virus (H1N1 and H3N2) were detected in drinking water samples. Mycoplasma hyopneumoniae and Porcine Circovirus type 2 (PCV2) were not detected in environmental samples. These results suggest that the environment of the farms acts as a reservoir, inoculum and/or vehicle of dispersion for these pathogens except for M. hyopneumoniae and PCV2.
Introduction
The pig is an animal with intensive production around the world. In this type of production, under normal conditions, the animals are concurrently infected by one or more respiratory viral or bacterial pathogens [1] - [3] . Respiratory diseases in pigs are the main health problem affecting the pork industry today, produce up to 50% mortality in farms, resulting in great economic losses [4] [5] . Only in United States, Porcine Reproductive and Respiratory Syndrome virus (PRRSV) produces losses of $560 million yearly. The losses estimated for Streptococcus suis are around $300 million yearly [6] - [8] . Respiratory disease in pigs is common in modern pork production worldwide and is often referred to as porcine respiratory disease complex (PRDC). PRDC is polymicrobial in nature, and results from infection with various combinations of primary and secondary respiratory pathogens [9] . There are a variety of viral and bacterial pathogens commonly associated with PRDC including Actinobacillus pleuropneumoniae, Streptococcus suis, Pasteurella multocida, Haemophilus parasuis, Mycoplasma hyopneumoniae, Porcine Reproductive and Respiratory Syndrome virus (PRRSV), Swine Influenza virus (SIV) and Porcine Circovirus type 2 (PCV2) [9] - [18] . These pathogens are dispersed and infected pigs through direct contact between animals and by aerosols [19] - [21] . There are not many studies that show that the environment in the farm acts as a reservoir or dispersal means for respiratory pathogens [1] [14] [22] . The aim of the present study was therefore, to identify the main porcine respiratory pathogens associated with PRDC: A. pleuropneumoniae, P. multocida, H. parasuis, S. suis, M. hyopneumoniae, PRRSV, SIV and PCV2, in the environment that surrounds pigs in swine farms in Aguascalientes, Mexico.
Materials and Methods

Sampling Environmental Samples
The environmental and nasal samples were collected from 12 different swine farms located at Aguascalientes, Mexico. A compound sampling scheme was done as described by Cochran [22] [23] . All farms sampled were small farms not technified, with an average of 100 animals, including animals in the process of fattening and breeding females. All animals in these farms had the basic vaccination described by Mexican Standards for Animal Health described by SAGARPA that includes vaccines against Bordetella bronchiseptica, Mycoplasma hyopneumoniae, Actinobacillus pleuropneumoniae from PRDC (SAGARPA: Ministry of Agriculture, Livestock, Rural Development, Fisheries and Food). Likewise, no reports of outbreaks of PRDC in the area exist. Sampling was done from December of 2009 through January 2010. The number of samples obtained per farm was 5 -10 for farms with 100 -1000 animals and 11 -20 for farms with 1000 -3000 animals. The samples taken were of water, food, soil, air, urine and nasal swab. The total of number of samples is shown in Table 2 . Water samples were taken as described Loera-Muro et al. [22] . Food samples were taken directly from top of the feeder. Soil samples were taken directly from the floor on which the animals were with sterile spatula. For the air samples were taken on blood agar (5% sheep blood) and BHI agar plates (Bioxon, México), both supplement with NAD (15 μg•ml −1 ), for 5 minutes. Urine samples were taken directly from pigs urinating in sterile tubes. Finally, nasal swab samples were taken like described Loera-Muro et al. [15] .
Sampling Procedure.
Environmental samples from water, food, soil, urine and nasal swab were plated on blood agar (5% sheep blood) (Bioxon, México) and BHI agar (Bioxon, México) supplemented with NAD (15 μg•ml −1 ) (Research Organics, Cleveland, OH). Water and urine samples, were directly plated in culture media previously mentioned (20 µl). Nasal swab, soil and food consumption samples were homogenized in phosphates buffer saline 1X (PBS1X) sterile and then inoculated 20 µl in the mentioned culture media. Air samples were directly incubated. After 24 hours of incubation at 37˚C, 5% CO 2 , bacterial colonies were harvested and resuspended in 1 ml of lysis buffer (15% of sucrose, lisozime 0.3 mg•ml −1 , EDTA 0.05 M and Tris 1M, pH 8) for DNA extraction. DNA isolation was performed as described by Sambrook & Russell [24] and Loera-Muro et al. [15] modified. Pellets were dried at 37˚C, resuspended in distilled water and kept at −20˚C until use for the PCR reactions.
For the pathogenic viruses detection (PRRSV, SIV and PCV 2), the environmental samples were processed directly for the DNA and RNA extraction. Water and urine samples were centrifuged for 10 min at 10,000 rpm. The supernatant was discarded and the pellet was processed. For food and soil samples, were taken 0.1 g for processed in 1 ml of lysis buffer. Nasal swab samples were used directly for processed in 1 ml of lysis buffer.
DNA extraction was made like described above. RNA extraction was done by TRIZOL (Gibco BRL, Canada) as described by the manufacturer. Pellets were resuspended in distilled water and kept at −20˚C until use for the PCR reactions.
Amplification Protocols
The detection of respiratory pathogens in this study was performed using PCR, nested PCR and RT-PCR. The strains used in this study and the primer sequences are shown in the Table 1 . All control strains, bacteria and virus, used in this study were from laboratory of Dr. Mario Jacques, GREMIP, Faculty of Veterinary Medicine, Montreal University, Quebec, Canada. Bordetella bronchiseptica was used for make spike controls as described Dousse et al. [25] . Spike control consisted of inoculation of genetic material extracted from the reference strain (1 µM of DNA for reaction) in analyzed samples which resulted was negative and then analyze by PCR. For all samples, including positive controls was used 1 µM of DNA or RNA for reaction. Amplicons were analyzed by electrophoresis used 1.5% agarose gel, and Ethidium bromide stained (1 μg•ml −1 ). Images of the gels were captured using the Chemi Doc (BioRad) image analyzer and the software Quantity One (Bio-Rad, California, USA).
A. pleuropneumoniae nested PCR. PCR against A. pleuropneumoniae was performed as described by Schaller et al. [26] and Loera-Muro et al. [22] . The PCR run conditions were: 95˚C for 1 min followed by 30 cycles of 94˚C for 30 s, 54˚C for 30 s and 72˚C for 1 min with a final elongation step at 72˚C for 5 min. PCR was done for ensures one higher sensitivity, which goes to the 10 fg.
Toxigenic P. multocida PCR. PCR was done as described Kamp et al. [27] . Run conditions were: 1cycle at 95˚C for 1 min, 32 cycles at 95˚C for 30 s, 65˚C for 60 s, 72˚C for 2.5 min and a final elongation cycle at 72˚C for 20 min. The limit of detection of this test was up 5 to 10 bacteria (25 -50 fg). Marois et al. [28] .
Haemophilus parasuis serotype 5 (Nagasaki) 16S rRNA HPS-F HPS-R GTG ATG AGG AAG GGT GGT GT GGC TTC GTC ACC CTC TGT
57 821
Blanco et al. [29] , MacInnes et al. [30] . H3   N1   N2   H1-F  H1-R  H3-F  H3-R  N1-F  N1-R  N2-F  N2R   GGG ACA TGT TAC CCA GGA GAT  GCA TTG TAT GTC CAA ATA TCC A  TAT GCC TGG TTT TCG CTC AA  TTC GGG ATT ACA GTT TGT TG  GGT TCC AAA GGA GAC ATT TTT G  CTA TCC AAA CAC CAT TGC CAT A  TGC GAT CCT GAC AAG TGT TAT [30] . The PCR run conditions were: 95˚C for 5 min followed by 30 cycles of 94˚C for 30 s, 59˚C for 30 s and 72˚C for 2 min with a final elongation step at 72˚C for 5 min. The sensitivity of this test was up 69 pg of DNA.
M. hyopneumoniae nested PCR. PCR against M. hyopneumoniae was performed as described by Cai et al. [31] . The PCR run conditions were: 1 cycle at 95˚C for 1 min, 35 cycles at 94˚C for 20 s, 60˚C for 30 s, 72˚C for 40 s and a final elongation cycle at 72˚C for 7 min. The limit of detection was of 0.18 -180,000 CFU/g. PCV2 PCR. PCR against PCV2 was performed as described by Gagnog et al. [32] . The DNA was amplified by40cycles of denaturing at 95˚C for 40 s, annealing at 55˚C for 40 s, and extension at 72˚C for 1min.
PRRSV and SIV RT-PCR. For these viruses, RT-PCR was performed as Larochelle et al. [33] and Choi et al. [34] respectively. For both viruses, reverse transcription (RT) reaction was performed used One-Step RT-PCR Enzyme Mix (Qiagen, Canada), and 5 µl of RNA. RT conditions were 1 cycle of 30 min at 50˚C for follow for 1 cycle of 15 min at 95˚C for both pathogens. PRRSV amplification was achieved by 35 cycles of denaturing at 95˚C for 1 min, annealing at 60˚C for 1 min, and extension at 72˚C for 1 min. SIV amplification was carried out at 30 cycles of denaturing at 95˚C for 1 min, annealing at 60˚C for 30 s and extension at 72˚C for 1 min. The PCR was ended with a final extension step at 72˚C for 10 min.
Results
A total of 12 swine farms were analyzed for this study obtaining 692 environmental, nasal swab and urine samples ( Table 1) . In all farms under study, the sampled animals were a range of weight that was from 25 kg to 120 kg. Prior to the identification of respiratory pathogens from samples of the swine farms, used PCR and RT-PCR, a spike control, positive control and negative control were done. For the positive control, reference strains were used ( Table 1 and Figures 1(a)-(f) ). The negative control was done under the same conditions of positive control but without DNA or RNA template (Figures 1(a)-(f) ). Spike control were performance for avoid negative false results, due to the heterogeneity of content of the samples after extraction of DNA. For the spike controls, all results were positives, discarding false negative interference of the content of the sample. Finally, crossing test was done with specific primer used for each respiratory pathogen against other bacteria or virus used in this work, confirming the primer specificity (data not shown). Primers against the apxIV gene were used for identification of A. pleuropneumoniae, which are species specific [26] . No bacteria used in this study were amplified with apxIV primers. A. pleuropneumoniae was found in samples of drinking water, food, soil, air and nasal swab in a viable state (Figure 1(a) and Table 2 ). In the case of P. multocida, ToxA primers were used, which are exclusive for toxigenic strain [27] . This test not amplified other strains used in this work. P. multocida was detected in all kinds of samples analyzed (drinking water, food, soil, air, nasal swab and urine), and in all cases, was found in a viable state (Figure 1(c) and Table 2 ). On the other hand, for S. suis was used a multiplex PCR, with the ability to identify all of the 35 serotypes of S. suis, as well as, identify the serotype 2, which is considered like the most virulent [8] . Figure 1(c) and Table 2 show the presence of S. suis in samples from drinking water, soil and nasal swab. Only one positive case for serotype 2 was detected from samples of nasal swab. Another analyzed pathogen was H. parasuis, which was detected in drinking water and in a viable state, in nasal swab. H. parasuis primers not amplified other bacteria under analysis in this study ( Table 2) . M. hyopneumoniae was not detected in environmental samples, only was detected in one sample from nasal swab ( Table 2 ). In the case of viral pathogens, the presence of PRRS, SIV and PCV2 were analyzed. The results for PCV2 detection were negative for all DNA samples analyzed ( Table 2) . PCV2 PCR test did not amplify other viruses (SIV or PRRSV) or bacteria DNA. PRRSV was detected in samples from drinking water and nasal swab (Figure 1(e) and Table 2 ). As in the case of PCV2, PCR for PRRSV was specific and nonspecific reactions were obtained. Finally, the SIV identification and subtyping was realized with multiplex RT-PCR. This multiplex RT-PCR was usable for subtiyping in H1N1, H1N2 and H3N2. This technique has proven to be specified for this virus and not amplified other viruses or swine respiratory bacterial pathogens. Swine Influenza virus H1N1 and H3N2 were detected in drinking water and nasal swab samples (Figure 1(f) and Table 2 ). 
Discussion
Respiratory diseases are distributed in all countries where the production of pork is intensively, with prevalence values that can reach up to 100%. In past years, these diseases accounted for the greatest cause of morbidity (of up to 40%) and mortality in pigs, with mortality rates of more than 50% in young pigs and piglets and 60% in grower/finisher pigs [4] [35] . The main porcine respiratory pathogens were analyzed in this study in environmental samples from drinking water, soil and air. These pathogens are also the most common in the porcine respiratory complex. However, for Mexico, few works have developed about the incidence of these diseases and the type of pathogen causing them. Pathogens of bacterial origin like A. pleuropneumoniae and P. multocida were organisms with higher incidence ( Table 2) . A. pleuropneumoniae, is a specific respiratory pathogen of pigs.
A. pleuropneumoniae is the etiologic agent of porcine pleuropneumonia in hyperacute, acute or chronic form [36] - [40] . Positive results based on the apxIV gene amplification indicate the presence of this bacterium in almost all samples, with the exception of urine samples. Williams et al. [41] , in the South of Mexico shows the high incidence of A. pleuropneumoniae, to show that around 60% of the pigs that come to slaughterhouse presented pneumonic injuries, and 51% of the cases, A. pleuropneumoniae is responsible for it. Positive results obtained here, were not typified. However, other authors report that the most common serotypes in Mexico and North America are the 1, 3, 5, 7 and 12 [30] [41]- [44] . For environmental samples, our group had previously reported the presence of this pathogen in drinking water samples from swine farms where this pathogen could be isolated and observed that these environmental isolates could present biofilm formation as a means of survive outside the pig [22] . On the other hand, P. multocida is known as part of the normal flora of the pig, as well as the causal agent of wide variety of infections, usually after primary infections caused by other pathogens or environmental factors [45] - [47] . We identified toxigenic strains in all kind of environmental samples, nasal swab samples and urine samples. The results were based on the ToxA gen amplification, which is found in all toxigenic strains and absent in most of non-toxigenic strains [27] [48] [49] . There are few studies on the relationship of this pathogen in the environment [21] . Likewise, there are few studies on the presence of this pathogen in Mexico. However, our group had reported a high distribution of this pathogen in pig farms in Mexico [15] . Moreover, it is very important to mention that these pathogens were found in a viable state in drinking water, food, air and soil, and in a nasal swab and urine samples. Suggesting that environment of the farms acts as a reservoir, inoculum and/or vehicle of dispersion of these pathogens. Its presence in urine samples has been reported in steers [50] and in people with urinary tract infections [51] , but there are no reports about pigs. In the case of S. suis, was identified in water, soil and nasal swab samples ( Table 2) , but the serotype 2, the more pathogens of all of them [10] [52] [53] , was only found in one nasal sample. The low incidence of S. suis serotype 2 in our farms could be related with the low incidence of this pathogen in North America [30] [54], and these results are consistent with previous results obtained by our group [15] . Moreover, in the case of the bacteria H. parasuis, successfully detected in samples of nasal exudate and water but did not confirm if this was a viable state. However, the percentage of samples found positive for this pathogen from nasal swabs was lower than previously reported in Mexico and in others countries from North America [15] [30] . Similar case is found for M. hyopneumoniae, which was detected only in nasal swabs in a low percentage in this study. For this pathogen, previous studies showed much higher levels of presence in pig farms in Mexico, with nearly 20% [15] , and up to 100% [55] . This difference may be due to the different methodologies used for the collection, processing and detection of this pathogen in the samples, as well as, the differences in the season they were made the same. Moreover, in the case of the identification of viruses of PRRSV and SIV, common viruses of porcine respiratory complex, was done in nasal exudate and water only. PRRSV was found in the 44% of tested samples for this virus from water and nasal swab samples. SIV was found in the 11% of tested samples for this virus from water and nasal swab samples. In the first of the case, there is little information about their presence in Mexico. PRRSV is currently considered to be the most significant and economically important infectious disease to afflict swine worldwide [14] [33] [56] [57] . In the case of samples from water, existing reports that PRRSV can be isolated from water are kept at 25˚C -27˚C for up to 11 days [58] , and in swine lagoon effluent kept at 4˚C for 8 days [59] . Viable virus could also be detected in meat kept at 4˚C for 7 days and obtained from pigs that had been experimentally infected and euthanized 7 days later [60] . Likewise, PRRS virus can be transmitted by aerosol between farms [21] . Viable virus has been detected in air samples collected 9.1 km away from their source [61] . In this study, the viability of the virus was not determined, but the detection in water samples is an important factor to be considered. In the case of SIV, Álvarez et al. [55] reported a prevalence of 8.3% and 65.1% for H1N1 and H3N2 subtypes respectively in Mexico. Influenza A viruses can survive on hard, nonporous surfaces for 12 -24 h, and on tissues, cloth and paper for <8 -12 h; transfer of virus from these surfaces to hands can therefore take place up to several hours after initial virus deposition. Transmission of a seasonal H3N2 influenza virus was found to be more efficient by the aerosol route compared with contact with contaminated environmental surfaces (fomites) in the guinea pig model. Despite these studies, the relative contribution from environment in the transmission of influenza viruses in its host remains unknown [62] .
All results discussed above are consistent. It is common to find members of the Pasteurellaceae family as well as some Gram-positive bacteria such as S. suis [63] , with virus like a PRRSV and SIV, they are common microorganisms in the porcine respiratory complex and the presence of some of them as the PRRSV, facilitates the colonization of the respiratory tract by other pathogens [1] [14] . So, the combination of the respiratory pathogens founded in this study, are most frequently pathogens found in pigs under intensive breeding system [5] . However in relation to the existence of these pathogens in the environment surrounding the animals, few studies exist, so there is no data to compare with these findings. Finally, there are no currently data in Mexico in order to compare the results and thereby determine the dynamics of these pathogens.
Conclusion
In conclusion, our results have shown that the environment of the farms may serve as a reservoir, inoculum and/or vehicle of dispersion for some of these swine respiratory pathogens. However in relation to the existence of these pathogens in the environment, few studies exist, so it is necessary to continue studies to confirm the relationship between the presence of porcine respiratory pathogens in the environment and the diseases that they cause.
